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Abstract 
The aerial parts of Ledum palustre L. were collected near to Pudisoo River, Harju county, Estonia, in September 2007. The 
simultaneous distillation and extraction micro-method (SDE) was used to isolate the essential oil from the plant’s samples. The 
capillary gas chromatographic (GC/FID) analysis was applied to the identification of oil components and determination of their 
content in the oil. The yield of oil from the leaves was 0.92%, from the stems, 0.24% and from the shoots, 0.78%. A total of 68 
constituents, accounting for over 95% of the total oil yield, were identified in the oils. 
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1. Introduction 
Wild rosemary, also known as marsh tea (Ledum palustre L.), is an evergreen low shrub growing wild in northern 
and central Europe, northern Asia and America. The plant grows in peaty soils, shrubby areas, moss and lichen 
tundra. Its leaves and flowers have a strong smell causing a headache in some people. All parts of the plant contain 
poisonous terpenes that affect the central nervous system, causing aggressive behaviour. L. palustre is widely used 
in folk medicine and homoeopathy for the treatment of rheumatism, arthrosis, and insect bites [1,2]. 
The expectorant and antitussive effect of the marsh tea is due to the ledol contained in the plant’s essential oil 
[1,2]. The composition of the essential oil from Ledum palustre varies considerably with habitat [1–13]. The major 
compounds present in the oil are palustrol, ledol and myrcene. Cyclocolorenone [7,12], sabinene [7,12], limonene 
[7,12], p-cymene [7] and cis-p-mentha-1(7),8-dien-2-ol [7] are also present in high amounts (>5%). 
In the present work, variations in the composition and yield of the essential oil was determined in the shoots, 
leaves and stems of the L. palustre growing wild in Estonia. 
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 2. Experimental 
2.1.  Plant material 
The aerial parts of Estonian Ledum palustre L. were collected near to Pudisoo River, Kuusalu municipality, Harju 
county, Estonia, in September 2007. The samples were dried at room temperature. Voucher specimens were 
deposited at the Institute of Pharmacy, University of Tartu, Estonia.   
2.2. Isolation of essential oil 
Essential oil was isolated from the dried shoots, leaves and stems of L. palustre (~10 g) by simultaneous 
distillation and extraction (SDE) with n-hexane (Fluka, >99%) as a solvent (0.5 mL) by using a Marcusson type 
micro-apparatus [14]. The SDE process was carried out for 2 h. The oil amount (%) was determined using n-
tetradecane (Reachim, >99%) as internal standard (2 µL). The reproducibility of three parallel SDE procedures with 
a single sample showed the variation coefficient to be below 20%. 
2.3.  Capillary gas chromatography 
GC analysis was carried out using a Chrom 5 chromatograph with FID on two fused silica capillary columns with 
bonded stationary phases SPB-5 (30m × 0.25mm; Supelco, Switzerland) and SW-10 (30m × 0.25mm; Supelco, 
Switzerland). The film thickness of both stationary phases was 0.25µm. The carrier gas helium with the split ratio of 
1:150 and flow rate of 30–35 cm/sec was applied. The temperature program was from 50°–250°C at 2°C/min, the 
injector temperature was 250°C. A Clarity Lite chromatography station was used for data processing. 
The identification of oil components was accomplished by comparing their retention indices (RI) on two columns 
with the RI values of reference standards, our RI data and literature data [12–13]. The results obtained were 
confirmed by GC/MS. 
The percentage composition of the oil was calculated using the normalization method without correction factors. 
The relative standard deviation of the percentages of oil components of three repeated GC analyses of the single oil 
sample did not exceed 5%. 
2.4. Gas chromatography/mass spectrometry 
GC/MS analysis was carried out using a GCMS-QP2010 (Shimadzu, Japan) on a fused silica capillary column 
(30 m x 0.32 mm) with a bonded stationary phase: poly(5%-diphenyl-95%-dimethyl)siloxane) (ZB-5, Zebron). The 
film thickness of the stationary phase was 0.25µm. The carrier gas was helium with the split ratio of 1:17 and flow 
rate of 1.8 mL/min was applied. The temperature program was 2 min at 60ºC and then from 60°–280˚C at 12˚C/min, 
the injector temperature was 280˚C. The MS detector was operated in the EI mode of 70 eV at a scan rate of 2 
scans/s with an acquisition mass range of 40–500 u. 
3. Results and Discussion 
The yield of oil from the leaves of L. palustre was 0.92%, from the stems, 0.24% and the shoots 0.78% (Table 1). 
The yield of oil from the plant’s leaves and shoots exceeded 3 – 4 times that from the stems. The concentrations of 
the components of the essential oil identified are given in Table 1. In the oils, 68 compounds, comprising over 95% 
of the total oil yield, were identified. The mass spectral data of four compounds not completely identified are 
presented in Table 2. 
In the shoot oil, the major compounds were palustrol (15.9%), ledol (11.8%), γ-terpineol (31.2%), p-cymene 
(12.5%), lepalol (2.6%), and isoascaridol (2.7%). In the stem oil, the dominant compound was myrcene (30.8%), 
followed by palustrol (20.3%), ledol (14.3%) and geranyl acetate (3.7%). Besides palustrol and ledol (19.9 and 
10.3%, respectively), the leave oil contained high amounts of p-cymene (10.0%) and γ-terpineol (25.5%). A 
comparison of the shoot oil with the leave oil did not reveal any big differences in composition, but compared with 
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the stem oil there were considerable differences in the content of myrcene (30.8% versus 1.3%), p-cymene (2.1% 
versus 12.5%) and γ-terpeneol (0.1% versus 31.2%).  
 
Table 1. The composition of the essential oil of the shoots, leaves and stems of Ledum palustre L. from Estonia, % 
 
Compound 
 
IM** RI Concentration, % 
SPB-5 SW-10 Shoots Leaves Stems 
α-Pinene 1,2,3 930 1024 0.7 0.4 0.6 
Camphene 1,2,3 943 1067 0.1 tr 0.3 
Sabinene 1,2 969 1120 tr tr 0.3 
β-Pinene 1,2,3 971 1111 0.5 0.4 0.2 
β-Myrcene 1,2,3 990 1168 1.3 0.5 30.8 
α-Phellandrene 1,2,3 1002 1168 0.1 tr tr 
(E,E)-2,4-Heptadienal 1,3 1006  0.2 0.2 0.1 
α -Terpinene 1,2,3 1013 1182 0.1 tr 0.4 
p-Cymene 1,2,3 1023 1277 12.5 10.0 2.1 
Limonene 1,2,3 1025 1203 0.3 0.1 1.0 
1,8-Cineole 1,2,3 1028 1211 0.1 tr 0.2 
(Z)-β-Ocimene 1,2,3 1035 1240 0.1 - 1.4 
(E)-β-Ocimene 1,2 1045 1256 tr - 0.4 
γ-Terpinene 1,2,3 1054 1247 0.1 0.1 0.2 
Terpinolene 1,2 1084 1280 0.1 - tr 
p-Cymenene 1,2,3 1085 1426 0.5 0.5 0.2 
Linalool 1,2,3 1100 1558 0.3 0.2 0.4 
n-Nonanal 1,2,3 1102 1400 0.2 - - 
1,3,8-Menthatriene 1,2,3 1107 1395 0.2 0.3 0.1 
Dihydrosabinaketone 1,2,3 1118 1395 0.2 0.1 tr 
tr-p-Mentha-2-en-1-ol 1,2,3 1121 1627 0.1 0.1 - 
cis-p-Mentha-2,8-dien-1-ol 1,2,3 1129 1440 0.5 0.4 0.1 
tr-Pinocarveol 1,2,3 1132 1654 0.7 0.4 0.1 
Lepalin 1,2,3 1132 1554 0.7 0.7 0.9 
(Z)-Ocimenone 1,3 1138 1554 0.1 0.1 0.1 
Pinocarvone 1,2,3 1155 1563 0.8 0.7 0.5 
Terpinen-4-ol 1,2,3 1176 1604 0.2 0.2 0.1 
α-Thujenal 1,2,3 1183 1651 0.4 0.1 - 
p-Cymen-8-ol 1,2,3 1187 1855 0.7 1.0 0.1 
Myrtenal 1,2,3 1190 1623 0.8 0.5 - 
Myrtenol 
4-Thyjen-2α-yl acetate 
1,2 
1,3 
1193 
1193 
1794 
1726 
0.2 
 
0.4 0.3 
tr-p-Mentha-1(7),8-dien-2-ol 1,2,3 1193 1819 0.1 tr - 
p-Mentha-1(7),8-dien-1-ol 1,2,3 1220 1636 0.1 0.1 0.1 
p-Cuminal 1,2,3 1224 1756 0.2 0.3 0.4 
2-Methyl-5(fur-3-yl)-pent-3--en-2-ol 1,2,3 1232 2077 0.6 1.4 1.3 
m-Isopropylbenzaldehyde 1,2,3 1236 2216 0.1 - - 
 
170 10) 168–173 et al. / Procedia Chemistry 2T. Gretšušnikova  (20
 Table 1 continued 
 
Compound 
 
IM** RI Concentration, % 
SPB-5 SW-10 Shoots Leaves Stems 
γ-Terpineol 1,2,3 1238 1720 31.2 25.5 0.1 
Piperitone 1,2 1251 1726 0.7 0.6 - 
Lepalone 1,2,3 1256 1853 1.3 2.3 2.2 
Isopiperitenone 1,2,3 1263 1855 0.4 0.5 0.2 
Perillaldehyde 1,2 1263 1777 tr - 0.2 
Geraniol 1,2,3 1267 1840 0.1 0.1 - 
Vitispirane 1,2 1269 1700 tr tr - 
Lepalol 1,2,3 1276 2051 2.6 3.8 1.0 
Bornyl acetate 1,2,3 1282 1577 0.1 0.1 0.8 
NI (1) 1,2,3 1291 1902 0.6 0.3 - 
Carvacrol 1,2,3 1296 2226 0.3 0.1 0.1 
Isoascaridol 1,2,3 1300 1860 2.7 2.4 tr 
5-Isopropenyl-2-methylcyclo-pent-1-ene carboxaldehyde 1,3 1329  0.1 0.2 0.1 
Lepalol isomer* 1,3 1353  0.1 0.1 0.9 
Neryl acetate 1,2,3 1367 1730 tr 0.1 - 
Geranyl acetate 1,2,3 1382 1761 0.2 tr 3.7 
2-Ethyl-5-propylphenol 1,2,3 1393 2271 0.1 0.1 - 
Aromadendrene 1,2,3 1429 1598 tr 0.1 tr 
Alloaromadendrene 1,2,3 1450 1632 0.6 0.7 0.4 
γ-Muurolene 1,2 1477 1685 tr 0.1 0.1 
Ledene 1,2,3 1486 1683 0.4 0.5 0.5 
Shyobunone 1,2,3 1506 1890 0.2 0.2 0.1 
α-Calacorene 1,2 1522 1729 0.2 tr - 
NI (2)  1,2,3 1545 2100 0.1 - 0.1 
Palustrol 1,2,3 1557 1920 15.9 19.9 20.3 
Caryophyllene oxide 1,2 1573 1983 - - - 
epi-Globulol 1,2,3 1584 2060 0.7 0.8 tr 
Ledol 1,2,3 1594 1594 11.8 10.3 14.3 
β-Oplopenone 1,2 1600 1983 0.4 tr - 
NI (3)  1,2,3 1626 2108 0.1 0.1 - 
cis-Nerolidol acetate 
α-Cadinol 
1,2,3 
1,2,3 
1655 
1655 
2174 
2216 
2.0 
0.1 
1.3 
0.1 
0.5 
- 
NI (4)  1,2,3 1678 2200 0.1 - 0.2 
Isocalamendiol 1,2 1715 2350 0.2 tr - 
Cyclocolorenone 1,2,3 1746 2351 1.6 2.1 3.4 
 
Total 
    
98.8 
 
90.8 
 
91.9 
Oil yield, %    0.78 0.92 0.24 
tr – trace (<0.05%), * - isomer not identified , ** Identification methods (IM):  1 – RISPB-5, 2 – RISW-10, 3 – mass spectra 
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All the oils investigated contained oxygenated monoterpenes of furyl structure: lepalone – 2-methyl-5-(furan-3-
yl)-pent-1-en-3-one (1.3–2.3%), lepalol – 2-methyl-5-(furan-3-yl)-pent-1-en-3-ol (1.0–3.8%), lepalin – 2-methyl-5-
(furan-3-yl)-1-pentene (0.7–0.9%) and 2-methyl-5-(furan-3-yl)-pent-3-en-2-ol (0.6–1.4%). These compounds have 
been earlier found by R. Butkiene et al. [12] to be present in the oils from L. palustre of Lithuania. The total content 
of furyl compounds in our samples was 4.6–7.6%, in the samples from Lithuania, 2.0–6.6%.  In the essential oil 
from the leaves and shoots of Estonian marsh tea, γ-terpineol (1-methyl-4-propylidene-1-cyclohexanol) was 
identified in high amounts (25.5–31.2%) , but the compound was not found to be present in the L. palustre oils 
investigated earlier [2 –13].  
 
Table 2. Mass spectral data of unidentified (NI) compounds 
 
NI  RISPB-5 M+ m/z (relative intensity) 
1 
2 
3 
4 
1291 
1545 
1629  
1679 
 
220 (60) 
109(100), 43(70), 81(55), 127(40) 
205(100), 121(90), 81(85), 41(82), 95(80), 109(75), 53(70), 55(65), 105((60), 107(60), 135(60), 149(60) 
41(100), 55(95), 69(83), 105(83), 93(80), 107(80), 79(75), 81(75), 95(75) 
97(100), 95(85), 82(80), 96(70), 67(65), 43(45) 
 
A comparison of the oils of L. palustre from Estonia and Lithuania with those from various regions of Siberia 
and the Far East [7] showed their compositions to differ. The oils from Russian L. palustre contained high amounts 
of sabinene (0.2–33.2%), limonene (0.9–50.3%) and cis-p-mentha-1(7),8-dien-2-ol (0.4–12.1%). The content of 
ledol and palustrol of the oils was low (0–3.9 and 0.7–7.3%, respectively). 
 
Table 3. The composition of the compound groups of  Ledum palustre L oils, % 
 
 
The essential oil from the leaves and shoots of L. palustre comprised mainly oxygenated monoterpenes (42.6–
46.6%) and monoterpenoids with a menthane skeleton (30.3–36.6%), followed by oxygenated sesquiterpenes (33.2–
34.8%) and sesquiterpenes with an aromadendrene skeleton (30.3–33.6%). The dominant compounds in the stem oil 
were sesquiterpenoids with an aromadendrene skeleton (38.9%) and aliphatic monoterpenoids (36.8%) (Table 3). 
4. Conclusion 
The content of palustrol and ledol of the essential oil from the leaves, shoots and stems of Estonian L. palustre 
was in the range of from 15.9 to 20.3 and from 10.3 to 14.3%, respectively. γ-Terpineol (25.5–31.2%) was the major 
compound in the oil of leaves and shoots while β-myrcene (30.8%) predominated in the stem oil. The total content 
of furyl compounds of the samples investigated was 4.6–7.6%. 
 
                                     Component groups                                                                                                 Shoots              Leaves            Stems 
Oxygenated monoterpenes 46.8 42.6 13.9 
Sesquiterpene hydrocarbons 1.2 1.4 1.0 
Oxygenated sesquiterpenes 33.2 34.8 38.9 
Sesquiterpenoids with aromadendrene skeleton 30.3 33.6 38.9 
Aliphatic monoterpenoids 2.1 1.0 36.8 
Aromatic monoterpenoids 14.4 12.0 2.9 
Monoterpenoids with menthane skeleton 36.8 30.3 2.5 
Furyl compounds 4.6 7.6 5.4 
172 10) 168–173 et al. / Procedia Chemistry 2T. Gretšušnikova  (20
 Acknowledgment 
The authors gratefully acknowledge prof. Ain Raal from Tartu University for collecting of Ledum palustre 
samples and Ph.D Mati Müürisepp for performing GC-MS analysis. 
References 
1. U. Paaver, Ledum palustre in pharmacological investigations, Eesti Rohuteadlane, 3 (1993) 110 ( in Estonian). 
2. Dongmyong Kim, Bongwoo Nam, Extracts and essential oil of Ledum palustre L. and their antioxidant and antimicrobial activities, J. 
Food Sci. Nutr., 11 (2006) 100. 
3. M. von Schantz, K.G. Widen, R. Hiltunen, Structures of some aliphatic monoterpenoids isolated from the essential oil of Ledum 
palustre L., Acta Chem. Scand., 27 (1973)  551. 
4. N.S. Mikhailova, O.A. Konovalova, K.S. Rybalko, Chemical composition of Ledum palustre, Chem. Natural Compounds, 14 (1978) 
103. 
5. D.H. Tattje, R. Bos, Composition of essential oil of Ledum palustre, Planta Med., 41 (1981) 303. 
6. M.V. Klokova, V.A. Khan, Zh.V. Dubovenko, V.A. Pentegova, T.P. Berezovskaya, E.A. Serykh, Terpenoids of the essential oil of 
Ledum palustre, Chem. Natural Compounds, 19 (1983) 278. 
7. N.I. Belousova, V.A. Khan, T.P. Berezovskaya, Intraspecies chemical variability of the essential oil of Ledum palustre, Khim. 
Prirodn. Soed., 4 (1990) 472. 
8. N.I. Belousova, V.A. Khan, Bicyclic monoterpenoids of the essential oil of Ledum palustre, Khim. Prirodn. Soed., 5 (1990)  627. 
9. N.I. Belousova, A.V. Tkachev, M.M. Shakirov, V.A. Khan, New terpenoids of the essential oil of Ledum palustre, Chem. Natural 
Compounds,  27 (1991) 20.  
10. T.M: Ylipahkala, J.E. Jalonen, Isolation of very volatile compounds from the leaves of Ledum palustre using the purge & trap 
technique, Chromatogr., 34 (1992) 159. 
11. T.G. Jaenson, K. Palsson, A.K. Borg-Karlson, Evaluation of extracts and oils of tick-repellent plants from Sweden, Med. Vet. 
Entomol., 19 (2005) 345. 
12. R. Butkiene, V. Šakociute, D. Latvenaite, D. Mockute, Composition of young and aged shoot essential oils of the wild Ledum palustre 
L., Chimija, 19 (2008) 19. 
13. T.G.T. Jaenson, K. Palsson, A.-K. Borg-Karlson, Evaluation of extracts and oils of Mosquito (Diptera: Culiciae) repellent plants from 
Sweden and Guinea-Bissau, J. Med. Entomol., 43 (2006) 113. 
14. C. Bicchi, A. D’Amato, M. Nano, and C. Frattini, Improved method for the analysis of small amounts of essential oils by 
microdistillation followed by capillary gas chromatography. J. Chromatogr. A, 279 (1990) 409. 
15. Davies, N.W. Gas chromatographic retention indices of monoterpenes and sesquiterpenes on methyl silicone and Carbowax 20M 
phases. J. Chromatogr., 503 (1990) 1. 
16. Zenkevich, I. G. Analytical parameters of components of essential oils for their GC and GC-MS identification. Mono- and 
sesquiterpenes. Oxygen containing derivatives of mono- and sesquiterpenes hydrocarbons. Acetates of terpenic alcohols. Rastitel. 
Res., 32 (1996) 48; 33 (1997) 16; 35 (1999) 30. 
 
    
17310) 168–173 et al. / Procedia Chemistry 2T. Gretšušnikova  (20
